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Fifteen Com mon E^PROM Qüestions Answered 



By Rick Orlando 



Vol. 2, No. 17 



December 3, 1984 



The wide variety of applications for E2pROM devices includes remotely alterable 
control stores and look up tables, calibration parameters, configuration data, 
nonvolatile counters, user programmable software storage, and artificial 
intelligence systems which update their algorithms as they learn. The E 2 PROM 
device features making these applications easier to implement include: 



** 
** 
** 
** 
** 
** 
** 



5 Volt Only Operation 

TTL Compatible Interface 

Noise Filtered Control Inputs 

10 Year Nonvolatile Data Retention 

Self-Timed Write Cycle with On-Chip Latches 

Inadvertent Write Protection (V^c Sensor) 

Transparent Byte Erase (Automated in Write Cycle) 



This brief includes fifteen com mon E 2 PROM qüestions asked of the Xicor 
applications department. Frequently, the clarification of these points provides 
creative engineers with insights into new and unique applications. Should you 
need additional information, don't hesitate to contact us. 



Question No. 1: I am concerned about 
the possibüity of inadvertent Write 
commands being generated on my system 
bus during power transitions. Is there 
an easy way to protect the data in the 
E 2 PROM device? 

Answer: YESü Xicor E 2 PROM devices 
protect against this occurence. First, 
there is an on-chip V ce sensor which 
inhibits the control inputs when the 
supply voltage drops below 3 volts. 
Second, noise protection is Standard on 
the WE input pins. This bloeks out spikes 
and glitches that might otherwise 
indicate a Write Cycle. Third, a control 
pin combination is required so external 
power up/down protection is easy to 
implement. For detailed information on 
data protection, please refer to 
Application Brief (Vol. 1, No. 1) 
NONVOLATILE DATA INTEGRITY: 
Inadvertent Write/Store Elimination. 



Question No. 2: The Write Cycle timing 
diagrams on the X2804A and X2816A data 
sheets show that the internal data latch 
secures the data upon the first rising edge 
of WE or CE. In an existing design, 
external latches supporting the E 2 PROM 
socket hold these two control signals LOW 
for the full lOms period. How can the 
X2804A and X2816A devices be used 
without hardware changes to my system? 

Answer: The Xicor E 2 PROM family is 
compatible with existing industry Standard 
sockets. The internal data latches on the 
X2804A and X2816A devices are 
transparent so that, while not latched, 
the data on their inputs is passed directly 
through. This feature makes X2804A and 
X2816A use in externally latched sockets 
plug-in simple. Data may be held constant 
by an external latch, along with the 
control signals, and the Xicor devices will 
write perfectly. An economizing 



suggestion in this case would be to leave 
the external latches and timers off the 
board and jumper the control, data, and 
address busses directly to the E 2 PROM 
socket. Since Xicor designed all of these 
functions on-chip, the expense of support 
hardware required by some competing 
E 2 PROM manufacturers is eliminated. 

Question No. 3: The Standby current 
requirements of the X2804A and X2816A 
devices is too great for our portable 
CMOS system. If the V cc line is 
switched open, will the E 2 PROM I/O 
lines load the bus? 

Answer: No. The output driver for each 
I/O pin is composed of a matched series 
pair of enhancement mode NMOS FETs 
as shown in Figure 1. During normal 
power-up operation, these drivers are in 
the High-Z mode whenever the E 2 PROM 
is not selected. While the device has 
no power applied, these FETs are not 
conducting so the output pin presents a 
HIGH-Z load to the bus. The device 
input pins are simply V and I protected 
FET gates, so there is no loading beyond 
the input capacitance, and minimal 
leakage current. The Zener diode input 
protection allows for signals to be 
applied to the X2804A and X2816A when 
the V cc line is open. The internal V cc 
sensor designed into the X2804A and 
X2816A E^PROMs ensures that the 
control inputs are inhibited whenever 
V CC =3V. Therefore, data integrity is 
maintained even while V cc is switched 
open. 



I 



INPUT CURRENT 
PROTECTION 



INPUTS O- 



n 



Co" /y 



INPUT VOLTAGE 
PROTECTION 




Figure lb. I/O Circuit Model 



Many remote and portable system designs 
have taken advantage of E 2 PROM 
nonvolatility through the use of a low 
on-resistance Power FET which switches 
supply current to the V ec line as shown 
in Figure 2a. The alogrithm is shown 
in Figure 2b. Note that the Power FET 
must remain enabled for at least lOms 
after the initialization of the most 
recent Write Cycle so that the E 2 PROM 
power supply remains in-spec for the 
duration of the nonvolatile Write Cycle. 
Since the device is off the bus during 
this period, the system may optionally 
perform other tasks while the nonvolatile 
Write Cycle completes. Where maximum 
power conservation is necessary, the 
lOms power up period may be reduced 
to typical (5ms) nonvolatile Write periods 
by polling the E 2 PROM for HIGH-Z lOms 
I/O lines on the X2804A and X 2816A 
(see next question) or utilizing the DATA 
Polling feature designed into the X2864A 
(see Application Brief Vol. 1 , No. 2, 
Automatic Page Write** DATA Polling). 



Figure la. Input Circuit Model 
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Figure 2a. 




Question No. 4: The màxim um nonvolatile 
Write Cyele period is speeified over the 
temperature range as 10 ms on the X2804A 
and X2816A E2pROMs. What is the 
typical time required and how might it 
be utilized? 



Figure 2b. Algorithm 



Answer: Typically, these devices 
complete the nonvolatile Write Cycle in 
less than 5ms. The cycle is initiated by 
a Standard microprocessor write cycle. 
As the last of CE or WE falls LOW, the 
address to be written to is latched into 
the on-chip address latches. When the 
first of CE or WE transitions back to 
HIGH, the data latches lock the data to- 
be-written on board the chip (see Figure 
3). These features make the Xicor 
E 2 PROM appear as a Standard static RAM 
to the system. The on board timer is 
initiated when the address is latched and 
onee the data is latched, the device inputs 
are inhibited and the outputs placed in 
their HIGH-Z mode, thereby freeing the 
system to perform other tasks. The 
E 2 PROM outputs remain floating until the 
internal operations are complete, at which 
point, the X2804A and X2816A are 
immediately available for access. 
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Figure 3. E 2 PROM Timing 
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To take advantage of typical Write times 
and maximize the múltiple byte Write 
speeds, simply poll the E 2 PROM looping 
until the floating outputs are no longer 
detected (see Figure 4). For example, in 
a system with a pulled up bus, 00 (Hex) 
could be permanently stored in the last 
address in the E 2 PROM. After the 
nonvolatile Write Cycle is initiated, the 
system attempts to read the last location. 
While the device is still internally 
occupied, the pull-up resistors combined 
with the HIGH-Z state of the E 2 PROM 
output buffer, will provide FF (Hex) in 
response. Immediately upon completion 
of the nonvolatile Write Cycle, the inputs 
are again enabled and the Read cycle will 
provide vàlid data from the E 2 PROM. In 
this example, the software would loop 
until the data acquired is 00 (Hex). 
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Figure 4. Flow Chart for Interrogation 



The X2864A has a software f eature 
designed into it for this purpose. DATA 
Polling inverts D7 of the last byte 
written, and routes it to the output 
buffer while the device is internally 
occupied. This way the user simply 
reads the last address written to, 
comparing the data to the last data 



written, until they match indicating 
nonvolatile Write Cycle completion. 
Refer to Application Brie f (Vol . 1, No. 
l),Automatic Page Write** DATA Polling, 
for details. 



Question No. 5: How do the Read Access 
and Write Cycle times change as the 
E 2 PROM operating temperature varies? 

Answer: Xicor maximum and minimum 
specifications are guaranteed over the 
full operating temperature range of the 
device. These vàlues are established 
under worst case conditions and 
specified with a conservative margin. 
This means that, invariably in a systems 
environment, Xicor products perform 
much better than the data sheet 
indicates. In terms of actual parameter 
variation, Read Access time varies 
proportionately to temperature, and 
Write Cycle time varies inversely with 
temperature. They each stay well within 
their respective maximum specifications 
throughout the allowable temperature 
range of the device. 



Question No. 6: Will signals applied to 
E 2 PROM pins designated NC (not 
connected) damage the devices? 

Answer: No. NC pins have no 
connections to the device. 



Question No. 7: How muçh driv e current 
is required to hold the CE, OE, and WE 
inputs low? 

Answer: The input configuration of Xicor 
E 2 PROMs is shown in Figure la and is 
Standard NMOS. Only the leakage current 
(max 10ya) and enough charge for the 6 
pF Input must be capacitance driven. 



Question No. 8: Can the E2pROM be 
read during the 10 ms nonvolatile Write 
Cycle? 

Answer: No. During the internally timed 
write, the device inputs are inhibited and 
its outputs are in a high impedance state. 
However, once the nonvolatile Write 
Cycle is complete, (typically < 5ms), then 
normal data access may be resumed. 



Question No. 9: The X2804A and X2816A 
data sheets make no mention of the 
Standard byte-erase cycle which preceeds 
an E 2 PROM byte-write. Is there 
something about Xicor E 2 PROMs which 
eliminates this requirement? 

Answer: Yes! On Xicor E 2 PROMs, an 
automàtic and user transparent byte erase 
cycle is initiated as a normal part of the 
nonvolatile Write Cycle. This feature 
eliminates the extra time and software 
required by other E 2 PROMs. 



Question No. 10: When interfacing the 
Xicor E 2 PROMs with a CMOS system 
are pull-up resistors required? 

Answer: Yes. The Vqh min 
specification on the Xicor devices is 
2.4 V, and the V IH min for CMOS 
technology (when Vd D =5V) is 3.5V. To 
ensure that E 2 PROM HIGH outputs are 
recognized by the CMOS inputs, pull-up 
resistors are necessary. Of course, 
CMOS outputs can drive the E 2 PROM 
inputs directly with no pull-up 
assistance. 



Question No. 11: We are using an entire 
bank of military X2864A devices on a 
com mon bus. If some of these are 
enabled and some not when high voltage 
chip erase cycle is executed, will the 
not-enabled devices be affected? 



Answer: No. Those chips which are not 
enabled will not be modified. 



Question No. 12: During the Ready 
cycle, the Xicor E 2 PROM outputs go low 
before stabilizing with vàlid data. 
Although the data is vàlid long before 
the specified access time, I wonder if 
this phenomenon is normal? 

Answer: This operation is perfectly 

normal when clocking with CE. While 
CE is HIGH, the device is in a standby 
state with the power to the output 
buffers and sense amps turned off. When 
CE goes LOW, the output buffers are 
turned on and the sense amps are reading 
a LOW until the actual cell-data reaches 
them. Therefore, with OE LOW and WE 
HIGH, when CE falls LOW vàlid data 
will be preceded by a brief LOW output. 



Question No. 13: I have a mature 
product design using the Intel 2816 high 
voltage E 2 PROM which l'd like to 
replace with the Xicor X2816A. How 
may I minimize expenses in this 
conversion? 

Answer: The X2816A was designed with 
this replacement in mind. The 21V V p p 
pin on the older Intel part (pin 21) is 
named WE on the X2816A. This pin 
recognizes TTL HIGH and LOW vàlues as 
well as the 21V V pp pulse applied in 2816 

sockets with multi voltage sensing 

circuitry. Assuming OE is HIGH and CE 
is LOW, the Write Cycle can be initiated 
either by pulling WE down to Vil or U P 
to 21V as with the Intel part. This 
versatility allows you the option of 
directly replacing the 2816 with the 
X2816A or of reducing costs by 
eliminating the extra power supply, 
latches and software required to support 
the 2816. 
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Question No. 14: We are using the high 
voltage Chip Erase function on the 
military E 2 PROMs to Bulk Erase data so 
that the data is unavailable to 
unauthorized copying. Could a highly 
skilled teehnologist detect what the data 
was prior to erasure given enough 
resources? 

Answer: No. The floating gate storage 
mechanism is driven to complete 
saturation when programmed, and all free 
electrons are removed upon erasure. 
Therefore, no trace of a previous state 
is left when a celi moves to the opposite 
state. This is one of the features of 
Xicor nonvolatile technology that makes 
it perfect for high security military 
applications. 



Question No. 15: I am using several 
X2816As which form contiguous address 
spaces in my system. Does the "self- 
timed" feature on these devices mean 
that I can write to each of them 
independently during a single lOms Write 
Cycle? 

Answer: EXACTLY! The on-chip timer 
frees the busses (and therefore the 
system) for the duration of the lOms 
Write period. The on-chip latches are 
essential for this to be possible. A quick 
look at the data sheet Write Cycle 
timing diagram shows that the system 
can shake hands with the Xicor 
E 2 PROMs for as little as (t AS + t W p + 
t DH = ) 170ns. The other 99.98% of the 
lOms Write Cycle can be spent executing 
other system tasks which could include 
initiating write cyeles to the other 
X2816As. This "gang programming" is 
one simple method of achieving very high 
effective-byte-write speeds in múltiple 
device systems. 
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